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CHOPPER LOCOMOTIVE 

DEMONSTRATION PROGRAM 

CONTRACT #DOT-FR-9Q27 

FINAL REPORT 

SECTION 1

A. INTRODUCTION

The Transportation Systems Business Operation of the General E le c tr ic  

Company has completed the Chopper Locomotive Demonstration Program. This 

report documents the E44 Chopper Locomotive tests that were performed on 

the GE-Erie locomotive tes t trac k , and the in -serv ice  runs pu lling  a 

Conrail t r a i l e r  van tra in  between Newark and Washington, D.C.

Please re fe r  to the interim  progress reports forwarded to the FRA during 

Phases I and I I  of th is  program fo r information on the design and fa b r i 

cation of the Chopper Locomotive.

B. SUMMARY

1. Testing in Erie included motoring and dynamic braking performance, 

wheelslip evaluation, and measurement of the power fa c to r,
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e ffic ie n c y , and psophometric current of the Chopper Locomotive, a l l  

at 25KV, 60 Hz.

2. Motoring Performance - Motoring performance was as expected per the 

published tra c tiv e  e f fo r t  vs speed curve, 41H14T280. See Figure 3.1 

which shows the tes t data p lotted on th is  curve.

3. Dynamic Braking Performance -  Dynamic braking performance was also as 

expected per the published braking e f fo r t  vs speed curve, 41 H I05988. 

See Figure 4.1 which shows the te s t data p lo tted  on th is  curve.

4. Wheel s lip  Evaluation - The individual axle control of the wheelslip 

system performed very well as much of the locomotive testing  was done 

during the w inter on sl/ippery track conditions. See Figures 5 .1 ,

5 .2 , 5 .3 , and 5.4 which show the random slipp ing of the various axles 

and the resu ltin g  correction fo r only the affected axle.

5. Power Factor - The measured power fa c to r was 0.-91-0.925 over the 

speed range which was s lig h t ly  b e tte r than expected per the published 

power fac to r vs speed curve, 41H119318. See Figure 6.1 fo r the power 

fac to r data plotted on th is  curve.
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6 . Locomotive E ffic iency  -  The measured locomotive e ffic ie n c y  was 2-5% 

low in the lower speed range and 2% higher at 40 MPH compared'to the 

calculated e ffic ie n c y  vs speed curve shown on 41 HI 15682. See Figure

7.1 which shows the te s t data p lotted on the above curve.

7. Psophometric Current -  Telephone interference can be specified as 

e ith e r psophometric current or I t  product. The o rig in a l curve, 

41H119319, was plotted as an I t  product, but since th a t time (1979) 

the use of psophometric current has become standard and th a t is what 

our instruments measure. Therefore, a new curve had to be drawn,

41 H I06104, from some existing  computer runs done in 1979 and the tes t  

data is shown plotted on th is  curve, Figure 8 .1 . The resu ltin g  

psophometric current was from 1-2 amps lower than expected.

8 . In-Service Runs on Conrail - Two round tr ip s  were made from the South 

Kearny Yard in Newark, N.J. to the Potomac Yard in Washington, D.C. 

The Chopper Locomotive ran very well and e a s ily  outpulled the two 

GP38-2 diesel e le c tr ic  locomotives which normally pull th is  t r a i le r '  

van tra in .

Some minor problems occurred, but not with the main power t ra in ,

i . e . ,  the main transformer, phase-controlled bridges, the choppers,

and trac tio n  motors.
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SECTION 2

ERIE TEST TRACK TESTS

A. POW-ER SUPPLY AND INSTRUMENTATION

A ll testing  was done with the catenary energized at 25KV, 60 Hz. Figure

2.1 shows a s im p lified  power c irc u it  with some of the instrumentation  

used. Below is a l is t in g  of the various te s t instruments and th e ir  model 

numbers.

Instrument

1. Power factor/w attm eter

2. Psophometer

3. Potential transformer (PT)

Model

Magtrol Power Analyzer Model #4612PF

Siemens Model # S44034-U2133-A702

General E le c tr ic  JVS 150 Catalog 

#766X30G5

4. Non-inductive shunt Co-axial shunt with a resistance of

0.0002485 ohms
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5. Current transformer (CT) Part of the main transformer which

feeds the primary overcurrent re la y .

6 . Brush recorder Gould 8 channel brush Model #481

B. TEST CONSIST

Two d ie s e l-e le c tr ic  locomotives were used to simulate a tra in  by oper

ating them in dynamic braking fo r the Chopper motoring te s ts , and in 

motoring fo r the Chopper dynamic braking te s ts . Test runs were made with 

the Chopper Locomotive in e ith e r N8 motoring or dynamic braking at 10,

E0, 30, and 40 MPH, which was the maximum speed allowed fo r a six axle 

e le c tr ic  locomotive on the Erie Test Track.
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FIGURE 2.

25,

CT
160:

Non-
Inductive

Shunt

I -  SIMPLIFIED POWER CIRCUIT SHOWING THE INSTRUMENTATION USED

000V 60 Hz
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SECTION 3

MOTORING PERFORMANCE

A. TEST SET-UP

Each tra c tio n  motor current, the DC f i l t e r  voltage, and locomotive speed 

were recorded on the Gould 8 channel brush recorder. These signals were 

taken from te s t points on the fro n t of the e lectro n ic  control cards.

B. TEST RESULTS

i

Figure 3.1 shows the published tra c tiv e  effo rt/speed  curve, 41 HI41280, 

with the four data points at 10, 20, 30, and 40 MPH p lo tte d . The func

tion  generator card which puts out the trac tio n  motor current reference 

to the choppers was designed to have a steeper slope in the 0-20 MPH 

range which resu lts  in the currents at 10 and 20 MPH being s lig h t ly  less 

than the motor c a p a b ility .

C. FIGURE 3.2-MOTORING AND DYNAMIC BRAKING DATA .

This chart shows the data taken from the brush recorder charts. Each run 

was at a specified speed and each of the six tra c tio n  motor currents were 

shown with the average of those six currents and the resu ltin g  tra c tiv e  

e ffo r t  or braking e f fo r t  fo r the dynamic braking runs.
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D. FIGURE 3.3-NOTCH-8 ACCELERATION FROM STOP

Typical N8 run from s ta n d s t i l l .  Note axle 4 w heelslips.

E. FIGURE 3 .4-TWO N8 ACCELERATION RUNS

F. FIGURE 3.5-RUNS 6 AND 7 -  10 MPH MOTORING

Note some wheelslip a c t iv ity  and 300V vo lts peak to peak r ip p le  on the 

f i l t e r  voltage. This 10 Hz r ip p le  is  caused by the resonant frequency of 

the lin e  f i l t e r  reactors and f i l t e r  capacitors and is most noticeable at 

the higher chopper current ranges.

G. FIGURE 3.6-RUN 3 - 2 0  MPH MOTORING

Note much wheelslip a c t iv ity  up to about 15 MPH

H. FIGURE 3.7-RUN 1 -  30 MPH MOTORING

I .  FIGURE 3.8-RUN 2 - 4 0  MPH MOTORING

J. FIGURE 3.9-RUN 4 - 4 0  MPH MOTORING



K. FIGURE 3 .10-RUNS 13 AND 14 -  10 MPH MOTORING WITH POWER FACTOR CORRECTION 

FILTERS CONNECTED

This set of runs was made with the power fac to r correction f i l t e r s  con

nected across the two trac tio n  windings of the main transform er.

L. FIGURE 3 .11-RUNS 10 AND 11 -  20 MPH MOTORING WITH POWER FACTOR CORRECTION 

FILTERS CONNECTED

M. FIGURE 3.12-RUNS 8 AND 9 - 3 0  MPH MOTORING WITH POWER FACTOR CORRECTION 

FILTERS CONNECTED

N. FIGURE 3.13-RUNS 15 AND 12 -  40 MPH MOTORING WITH POWER FACTOR CORRECTION 

FILTERS CONNECTED
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SECTION 4

DYNAMIC BRAKING PERFORMANCE

A. TEST SET-UP

Test set-up was the same as for the motoring test.

B. TEST RESULTS

Figure 4.1 show the published braking effort vs speed curve, 41 HI05988, 

with the four data points at 10, 20, 30, and 4U MPH plotted.

C. FIGURE 4.2-RUNS 16, 17, 19, AND 19 - DYNAMIC BRAKING FROM 10-40 MPH

Note that the filter voltage is maintained at a minimum of 800 volts by 

the phase controlled bridges as this is the minimum at which the choppers 

will work. As motor current increases, the filter voltage increase above 

•800 and the bridges phase off. As motor current varies, the filter v o l 

tage varies .and is controlled between 1100 and 1700 by two steps of 

braking grid resistance.

D. FIGURE 4.3-RUNS 20, 21, 22, AND 24 - DYNAMIC BRAKING FOR 10, 20, 30, AND

40 MPH
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SECTION 5

WHEELSLIP EVALUATION

A. TEST SET-UP

Since much of the Chopper Locomotive testing was done during inclement 

weather, the wheelslip system got a thorough workout without having to 

manually wet the r a i ls .  As mentioned e a r l ie r ,  each of the six choppers 

is ind iv idu a lly  controlled such that when any axle slips or s lides, only 

that part icu la r  motor current is reduced until  the s lip  or slide is cor

rected.

B. FIGURES 5.1 AND 5.2 - WHEELSLIP - INDIVIDUAL AXLE CONTROL OF THE SIX 

TRACTION MOTOR CURRENTS

These two figures show the six traction motor currents randomly being re 

duced due to a wheelslip on that axle. The small r ipp le  in the current 

signal is due to the 10 Hz ripple on the f i l t e r  voltage.

C. FIGURES 5.3 AND 5.4 - WHEELSLIP - INDIVIDUAL AXLE CONTROL OF AXLES 1 AND 4

These two figures show axle speed, chopper reference voltage, and motor 

current for axles 1 and 4. As can be seen, a small increase in axle



Page 28

s p e e d  c a u s e s  a r e f e r e n c e  r e d u c t i o n  f o r  t h a t  c h o p p e r  w h ic h  i n  t u r n  r e d u c e s  

t h e  t r a c t i o n  m o t o r  c u r r e n t  u n t i l  t h e  s l i p  i s  c o r r e c t e d .

D. FIGURE 5.5 - WHEELSLIP - SIX AXLE VELOCITIES

F i g u r e  5 . 5  shows t h e  s i x  a x l e  v e l o c i t i e s ,  f i l t e r  v o l t s ,  and t h e  a u t o  san d  

s i g n a l .  The  s m a l l  bumps i n  t h e  v e l o c i t y  t r a c e s  show w h e r e  t h e  w h e e l  

s t a r t e d  t o  s l i p  and how i t  was c o r r e c t e d .  T h e  b o t t o m  t r a c e  i s  t h e  a u t o  

san d  s i g n a l  w h ic h  p r o v i d e s  5 s e c o n d s  o f  s a n d i n g  a n y  t i m e  a n y  a x l e  r e a c h e s  

t h e  f i r s t  l e v e l  o f  d e t e c t i o n .
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rrr̂ ll r P Hn-i ̂ ii.lii LIIht-thF - ?̂h=iir iT [h h ff t#?It ill rft̂ -‘ f hHht ̂ IThh a * 1 f-r ? "̂iTTid i T h?h :-. P r Hk i.: J. r j==i: j ̂  =4i ? ITT—h 1 •: f nE 1600 m̂ .:!P!|W[R4j;;-;j!fejnTa

0 j::3i!PHmELES
%: 400
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o . . Li” ; ̂ 4;f :i'£iit:L" T-:;:JT—r;‘r : 7irmii: 111 ?:;-iJI;Ti~T :Tr“i : n 7 = - * £ _ t I • ---rTL=.:irr:diJ: > ! LL17Tmili I ; '=™.U:rTTHZI1 r-= 1600 [i;̂ n̂ :ir:UT:—Hr :-f~nH4iniHiii:n‘-HhHinH77iii:npî n:Hn-~:ijr;;Eq~r3iiniHHn-Tn:p.:iiu:
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FIGURE 5,4 - WHEELSLIP - INDIVIDUAL AXLE CONTROL OF AXLES 1 AND 4
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;:;r^^r=^V4}.:id^f-77r::::uiL;-T^r:\4U£llL~Hn:::;:4:TSrT:4v4iil3j-=T;r">f f i v’lA4ilirr7{K-4-l--=~î nTru7-::sin^riU‘Ui=j.t~:̂ ::: r:4 i;:.p=TtrT4:fr-rr
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SECTION 6 

POWER FACTOR

A. GENERAL

Locomotive power factor was read d ire c t ly  from the Magtrol Power Analyzer 

during the motoring runs covered in Section 3. This instrument gives 

to ta l power factor, i . e . ,  the displacement power factor (which measures 

how much the fundamental current waveshape is displaced from the funda

mental voltage waveshape) m ultip lied by the distortion power factor  

(which measures how much harmonic current there is to "distort"  the fun

damental current).

B. FIGURE 6.1 -  POWER FACTOR VS SPEED CURVE

Figure 6.1 shows the power factor data plotted on the published power 

factor curve, 41H119318, both with and without the power factor cor

recting f i l t e r  connected. Power factor was s l ig h tly  better than was 

predicted by the computer runs.
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LOCOMOTIVE EFFICIENCY

SECTION 7

A. GENERAL

Locomotive effic iency is defined as the output power at the r a i l  divided 

by the input power at the catenary. The output power was found by 

measuring the traction motor currents (to get tra c t iv e  e f fo r t )  and loco

motive speed. The input power was found by reading the watts from the 

Power Factor/Wattmeter and using the correct m ultip lication  factors to 

account for the location of the meter.

Locomotive Effic iency = ■
Input Power

where Output Power (KW) = Trac tive  E ffo rt (LbsIrSpeedtmph), * 0-746
375

Input Power (KW) = Wattmeter Reading *

CT Current Ratio *  PT Voltage Ratio *

1 104.2 10 0 0
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B. FIGURE 7.1 -  EFFICIENCY VS SPEED CURVE

Figure 7.1 shows the effic iency data plotted on the published e ffic iency  

vs speed curve, 41 HI 15682, both with and without the power factor cor

rection f i l t e r  connected. Locomotive losses were more than calculated so 

the e ffic iency was not as good as expected.
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PSOPHOMETRIC CURRENT

SECTION 8

A. GENERAL

The psophometric current is an RMS number that is the resu lt  of taking  

the square root of the sum of the squares of each harmonic current m u lt i 

p lied by the weighing factor at that frequency. I t  was found using the 

Psophometer and the non-inductive res is tor shunt shown in Fig. 2 .1 .  The 

shunt was a 0.0002485 Ohm res is to r  connected in the primary winding of 

the main power transformer. The voltage across the shunt was fed to th e !  

Psophometer which in te rn a l ly  applied the required frequency weighting 

curve to i t  and displayed the resu lting voltage on the scale on the front  

of the meter. When th is  voltage is divided by the resistance of the 

shunt the resu lt  is the psophometric current number.

B. FIGURE 8.1 -  PSOPHOMETRIC CURRENT VS SPEED CURVE ' I

Figure 8.1 shows the psophometric current data plotted on curve 

41 Hi06104. Existing computer data fo r  10 MPH could not be found, but for  

20-40 MPH the resu lting psophometric current was 1-2 amps, better than ex

pected.
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IN-SERVICE RUNS ON CONRAIL

SECTION 9

A. GENERAL

The orig ina l schedule called fo r  six round t r ip s  from the South Kearny 

Yard in Newark, N. J. to the Potomac Yard in Washington D.C., but fo r  not 

more than a to ta l  elapsed time of two weeks. Because of problems with 

the track in the South Kearny Yard, downed catenary due to an ice storm, 

and scheduling of FRA observers, only two round tr ip s  were completed.

■*'

The Chopper Locomotive was to be tested as part of one of the t r a i l e r  van 

(TV) tra in s  that Conrail operates on a d a ily  basis over Amtrak's North

east Corridor tracks. This run is about 240 miles one way with about 200 

miles under energized catenary at 11 KV, 25 Hz.

B. TEST CONSIST

The Chopper Locomotive was placed at the head end of the consist and MLI'd 

with the two GP38-2 diesel e le c tr ic  locomotives which normally pull th is  

t r a in .  The diesels were used to pull the t ra in  in and out of the yards 

and over the High Line in Philadelphia which is not energized. Once 

under the catenary on the main l in e ,  the Chopper was energized and the
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two diesels isolated. This procedure worked well and could be done w ith 

out stopping the t ra in .

A two channel brush recorder was used to monitor the D.C. f i l t e r  voltage 

and traction  motor #5 current. Instrumentation was not availab le  to 

record any other data.

C. RUN 1 -  NEWARK TO WASHINGTON

This f i r s t  run was made with TV23 on 3 /7 /84  leaving South Kearny at about 

9:00 PM. TV23 included units 8071 and 8072 and 27 cars with a to ta l  

weight of 2450 tons. As the consist was leaving the yard, two wheels of  

the Chopper Locomotive and one wheel of the f i r s t  diesel un it  derailed on 

a sharp curve. After the locomotives were r e - r a i le d ,  TV23 departed at 

11:35 PM. Riders included:

John Marchetti -  FRA (only to Philadelphia)

Henry Li ban -  Conrail 

Tad Mahoney -  Conrail 

William Faulhaver -  Conrail 

Ronald Griebel -  GE 

Robert Hopkins -  GE
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Figure 9-1 shows a typical sweep of the th ro t t le  from IDLE to N8 at about

45 MPH and Figure 9.2 shows two motoring/dynamic braking cycles taken

during the f i r s t  run.

The Chopper Locomotive ran very well with only the following minor prob-

1 ems:

1. The crowbar overvoltage protection c irc u it  activated twice - probably 

on noise spikes.

2. The axle 5 wheelslip indication l ig h t  f lickered  a few times for no 

apparent reason.

3. The "no battery charge" l ig h t  f lickered  for about a minute while the 

t ra in  was stopped to check out a hot axle box ind ication .

4. The e le c t r ic  cab heat was inadequate so the feed from the au x il ia ry  

transformer was changed to provide an additional 30 VAC to the 

heaters. This additional load may have been a contributing cause for  

the blowing of the au x il ia ry  transformer fuse on the return t r i p .

Arrived at Potomac Yard at 6:30 AM.
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D. RUN 2 -  WASHINGTON TO NEWARK

Prior to departing on the return t r ip  3 /8 /8 4 ,  the crowbar setting was 

changed from 2060 to 2200 volts to de-sensitize i t .  Also, because of a 

complaint from the engineer on the f i r s t  run, the independent brake 

pressure switch was disconnected to permit the application of trac tion  

power with the independent brake on.

TV24 with the Chopper, units 8071 and 8072, and 27 cars with a to ta l  

weight of 2016 tons l e f t  the Potomac Yard at 10:50 PM. Riders included:

*  Henry Li ban - Conrai1

Tad Mahoney - Conrai1

*  Ronald Griebel -  GE

*  Robert Hopkins -  GE

*  Left t ra in  in Philadelphia

A snowstorm caused so many delays that at 7 :0 0 'AM, TV24-was-..sti.l-l in 

Philadelphia. The tra in  crew had to leave and another crew did not 

arrive un ti l  about 1:00 PM to take TV24 to Newark.- :

The Chopper Locomotive ran well and only had two minor problems.

1. One crowbar activation .



2. The a u x i l ia ry  transformer fuse (70A) blew near Baltimore. A spare 

fuse was not available so the feed to the transformer was t ied  tempo

r a r i l y  to the blower fuse fo r  the remainder of the t r i p .

Figure 9.3 shows a typical motoring sequence and Figure 9.4 shows a 

motoring/dynamic braking cycle during Run 2.

E. RUN 3 -  NEWARK TO WASHINGTON
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This t r ip  was to commence on 3/21/84 but was cancelled when the Chopper 

Locomotive again derailed on the same curve leaving the South Kearny Yard.

On 3/13/84 , a 100A fuse was in sta lled  fo r  the a u x il ia ry  transformer ( re 

placed the 70A fuse which blew during Run 2 ) ,  and some additional 

f i l t e r i n g  was added to the crowbar detection c i r c u i t .  At 7:30 PM, th is  

t r ip  was cancelled due to an ice storm which damaged some catenary.

Run 3 f in a l ly  commenced oh 3/14/84 at 9:10 PM with units 8071 and 8072 

and a t ra in : weight: of 2325 tons. Riders included:

John Stephenson - ,  L.T. Klauder (FRA)

Chip Savoye -  Conrail 

Robert Hopkins > -  GE



Page 46
When the Chopper Locomotive was energized on the main l in e ,  the a i r  oper

ated power contactors would not close. About one hour la te r  when the 

t ra in  was stopped fo r  a signal, i t  was discovered that someone closed the 

control a i r  cut out cock in the compressor cab, thus no control a i r  pres

sure was availab le  fo r  the a ir  operated contactors. The cut out cock was 

opetled and the Chopper Locomotive completed the t r ip  to Washington. The 

Chopper worked well with the only problem occurring in the wheelslip 

panel with fa lse  wheelslip indications a couple of times.

Figure 9.5 shows a motoring trace with some wheelslips occurring between 

N6 and N7. Figure 9.6 shows another motoring/dynamic braking cycle.

TV23 arrived at Potomac Yard at 6:30 AM.

F. RUN 4 ' - ' WASHINGTON TO-NEWARK .

TV24 which included a GP38 (7854) and a U23B (2553) locomotive with a 

t ra in  weight of 1858 tons l e f t  Washington at 8:45 PM.r oo 3 /15/84-v -Riders  

included:

C l i f f  Gannett -  

Gordon Stevens - 

Claude Dickson - 

Chip Savoye 

Henry Li ban 

Robert Hopkins

FRA (only to Baltimore) ' 

FRA

Conrail (only to Baltimore) 

Conrail 

Conrail 

-  GE
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When the Chopper was energized on the main l in e ,  the power contactors 

would not pick up. The problem was traced to an open interlock in the 

vacuum breaker which was by-passed with a jumper to correct the problem.

The Chopper ran well to Philadelphia where a "power c irc u i t  ground" in 

dication occurred which could not be cleared up with any of the trac tion  

motor cut-out switches. The Chopper was isolated for the remainder of 

the t r i p .

One other problem occurred in the wheelslip panel which prevented the 

Chopper from starting  the t ra in .  I t  is theorized that with the brakes 

on, the locomotive was moving so slowly that individual pulses from the 

trac tio n  motor speed sensors looked l ik e  wheel slips to the detection c i r 

cu its .  One of the diesels was cut in to get the t ra in  moving which 

corrected the problem.

TV24 arrived in Newark at 6:00 AM.

325E



FIGURE 9 .1  -  RUN 1 -  KOTORING
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FIGURE 9 .2  -  RUN 1 -  MOTORING/DYNAMIC BRAKING CYCLES
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FIGURE 9 .5  -  RUN 3 -  MOTORING WITH WHEELSLIPS

FIGURE 9 .6  -  RUN 3 -  MOTORING/DYNAMIC BRAKING CYCLE
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